Electrochemical deposition of Ag and potential-induced structural change of the deposited Ag layer on a 23 3  reconstructed surface of Au (111) 
Introduction
Electrochemical deposition of Ag on Au(111) electrode surface is a good model system to study the morphology of the deposited layer because the interaction and the lattice misfit between a metal deposit and a substrate is very strong and negligibly small (0.4 %), respectively [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] and has been studied by a wide variety of techniques, including scanning tunneling microscopy (STM) [1, 2, 5, 8, 9, 14, 16] , atomic force microscopy (AFM) [3, 4, 6] , second harmonic generation (SHG) spectroscopy [13] , quartz crystal microbalance (QCM) [7] , X-ray diffraction [11, 12] and extended X-ray absorption fine structure (EXAFS) [10] . In particular underpotential deposition (UPD) of Ag has received special attention and the structures of adsorbates, both metal and anion, and their dependencies on the potential and electrolyte composition have been well studied [2] [3] [4] [5] [6] . It has been reported that UPD Ag layer of various coverage up to two monolayer is formed depending on the electrode potential [14, 15] . Reports on the overpotential deposition (OPD) of Ag on a Au(111) surface are, however, very limited [9, 14] . A layer-by-layer growth was observed at the initial stage of OPD up to 10 monolayers at low overpotentials [14] . Both for UPD and OPD of Ag, a Au(111) electrode is generally kept at a potential much more positive than the Ag deposition potential and then scanned negatively or stepped to a potential more negative than the Ag deposition potential. Since the initial potential is actually positive enough to lift the reconstruction of Au(111) surface, Ag deposition usually takes place on a Au(111)-(1x1) surface.
In our previous paper [17] quasi-reference and a counter electrode, respectively. The electrolyte solution was deaerated by passing purified argon gas for at least 20 min before being introduced into the STM cell.
Electrochemical potentials of the Au(111) substrate (E s ) and STM tip (E t ) were independently controlled by a bipotentiostat (Digital Instruments). All potentials were quoted with respect to Ag/AgCl in the present study. STM tips were mechanically cut Pt/Ir wire (80/20, φ=0.3 mm) insulated with Apiezon wax. The single crystal electrode was annealed with hydrogen flame just before each measurement and was mounted to the STM cell after cooling in air.
50 mM H 2 SO 4 solution was then introduced into the cell while controlling the electrode potential at a preset value.
Results and Discussion

Ag deposition on a Reconstructed Au(111) surface
Formation of UPD Monolayer on a Reconstructed Au(111) surface
It is well known that the potential induced reversible lifting and restoration of surface reconstruction of Au(111) electrode take place around +0.35 V vs. Ag/AgCl in a sulfuric acid solution [19] [20] [21] [22] [23] . We have already studied the deposition process of Ag on a 23 3  reconstructed Au(111) surface at this potential (+0.3 V) in our previous paper [18] , and reported that the nucleation and growth of monatomic Ag took place preferentially in the hcp region of the reconstruction, forming a line shape along the <11 2 > directions, followed by the much slower growth along 
Formation of a Net-like Shaped Nano-pattern of Ag bilayer Induced by Substrate Surface Restructuring
The structural conversion of the Ag monolayer formed on the Au(111)-(1x1) surface at +0.3 V upon potential step from +0.3 V to -0.2 V was investigated. In our previous paper, we have reported that the line shaped Ag deposits of biatomic height on the reconstructed Au(111) surface at -0.2 V were converted to the monatomic islands by stepping the potential to +0.3 V while the underlying reconstruction of Au(111) kept unchanged by the potential step [20] . shows the surface before the potential step. As observed in Fig. 1(c) , a very uniform surface was observed, confirming the formation of monatomic Ag layer on Au(111)-(1x1) surface.
The electrode potential was stepped at the lower part of Figure 2 (b). Shortly after the potential step, Ag islands with a globular or particle shape of biatomic height were formed as more clearly seen in Figure 2 (d), which is a zoomed image of the white rectangular area of Fig. 2(b) . A complex two-dimensional pattern was then developed and, finally, the whole surface was covered with the net-like pattern as shown in Figure 2 The schematic model for the potential induced structural conversion of the uniform Ag monolayer to the net-like pattern of biatomic height upon potential step from +0.3 V to -0.2 V is shown in Figure 3 . The monatomic Ag layer, which was formed on the Au(111)-(1x1) surface at +0.3 V, was first converted to the Ag islands with a globular or particle shape of biatomic height immediately after the potential step because biatomic Ag layer is more favored than monatomic Ag layer at -0.2 V as already suggested in the previous paper [20] . The islands then grew not uniformly but to form the complex net-like pattern.
The formation of the complex net-like pattern seems to be induced by the reconstruction of the Au(111) surface to the 23 3  structure with herringbone pattern, which is a slow process. It is interesting to note that the underlying Au (111) 
Pd deposition on a Reconstructed Au(111) Surface
Electrochemical Fig. 4 (a) , preferential nucleation and growth of Pd took place at the bending point of the double bright lines of the reconstruction, i.e., "elbow site". More closer inspection of the image indicates that the growth of Pd tends to occur preferentially at the fcc domain. A previous study in ultra-high vacuum (UHV) also showed that the Pd islands nucleated at the "elbow site" of the herringbone structure of the reconstructed Au(111) surface [28] .
According to recent calculation, the in-plane nearest-neighbor atomic distance of the Au reconstruction surface is shorter by 3~7 % in the region of the discommensuration lines (bridge site) including the elbow sites and by 2% in the hcp region than that in the fcc region, where the surface atoms are nearly in registry with the bulk lattice (2.86 Å) [29] . These results indicate that the defective regions such as elbow sites are favored as nucleation sites because the local surface mismatch between Pd and Au in the defective regions is smaller than that in the other regions.
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The heights of the Pd islands in Fig. 4 (a) and (b) are in the range of 0.2~0.7 nm, which correspond to one to three atomic heights of Pd, suggesting three-dimensional (3D) growth of the Pd layer. This is in contrast to those observed in Fig. 2 , where 2D growth of Ag on a reconstructed Au (111) 
Conclusion
A uniform Ag monolayer was confirmed to form on a Au (111) min. Upon potential step from +0.3 V to -0.2 V, the uniform Ag monolayer formed was converted first to Ag islands with a globular or particle shape of biatomic height then to a complex nanopattern with a net-like shape, possibly induced by slow development of 23 3  reconstructed structure on the Au(111) surface at -0.2 V. The present and previous [20] results indicate that the complex structure of Ag adlayer can be formed on a Au(111) electrode by controlling the potential and the Ag + concentration precisely. Pd deposition on a reconstructed Au(111) surface at +0.3 V was found to proceed in 3D growth mode after preferential nucleation at the elbow sites of the Au reconstruction. The origin of this difference from Ag deposition mode was discussed.
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